Alcohol is a known cardiac toxin and heavy consumption can lead to heart failure (HF). However, the relationship between moderate alcohol consumption and risk for HF, in either men or women, remains unclear.
Introduction
Heart failure (HF) is a major public health problem, but data on the relationship between community lifestyle factors, such as alcohol consumption and incident HF, are limited. Although heavy alcohol consumption is associated with impairment in left ventricular function and eventual alcoholic cardiomyopathy with symptomatic HF, 1 moderate alcohol intake could, conversely, lower the risk for HF. 2, 3 However, the association between moderate alcohol intake and the risk of HF is still controversial, as some studies did not find an association 4, 5 and the cardiovascular mechanisms of potential benefit of alcohol consumption in HF are uncertain. 3, 6 Myocardial damage may occur as a consequence of direct toxic effects of alcohol or its metabolites by ethanol-induced apoptosis; 7 associated hypertension, 8 coexisting nutritional deficiencies, or, rarely, toxic additives to alcoholic beverages. 9 Conversely, the cardiovascular mechanisms of alcohol benefit in HF may involve the risk reduction for coronary artery disease (CAD), 10 neurohormonal changes 11 or blood pressure lowering. 12, 13 Importantly, the balance of risks and benefits is likely to differ in different populations and by gender and across race and age groups. 2, 14 Women are known to develop alcohol-associated cardiomyopathy at a lower lifetime dose of alcohol compared with men, 15 and women have a much greater risk of heart disease death for the same amount of alcohol use. 16 Nonetheless, sex-related differences on the effects of alcohol consumption and risk of HF remain relatively unexplored. In the current study, we aimed to assess the association between alcohol intake and the risk of developing HF in men and women, in a large biracial community-based cohort.
Methods

Study population
The Atherosclerosis Risk in Communities (ARIC) Study is an ongoing, prospective observational study. Detailed study rationale, design, and procedures have been previously published. 17 The original cohort included 15 792 persons aged 45 -64 years recruited between 1987 and 1989 (Visit 1), selected from four communities in the United States: Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis, Minnesota; and Washington County, Maryland. Three subsequent follow-up visits occurred at 3-year intervals, with annual telephone interviews ongoing and conducted between visits. Institutional review boards from each site approved the study, and informed consent was obtained from all participants. We restricted our analyses to self-described black or white participants (44 exclusions by undetermined race) and excluded those with prevalent or missing HF data (n ¼ 1,039) and those with missing data on alcohol consumption at visit 1 (n ¼ 80). A total of 14 629 U.S. adults aged 45 -64 followed prospectively through 2011 (mean of 24 + 1 years) constitute the sample for the present analysis.
Definition of heart failure
Prevalent HF at visit 1 was defined by Stage 3 or manifest HF according to Gothenburg criteria or the use of medications for HF. The Gothenburg criteria are a validated scoring system composed of three components, cardiac, pulmonary, and therapy, in which Stage 3 or manifest HF requires one point from each component. 18 Incident HF at follow-up was defined by HF hospitalization or HF death, according to the International Classification of Diseases-Ninth Revision (ICD-9), code 410 in any position, for HF, obtained by ARIC Study retrospective surveillance of hospital discharges. 19, 20 Deaths were ascertained through linkage with the National Death Index.
Alcohol consumption
Alcohol consumption was ascertained at all visits by means of an interviewer-administered questionnaire. Subjects were asked if they currently drank alcoholic beverages and, if not, whether they had done so in the past. Current drinkers were asked how often they usually drank wine, beer, or hard liquor. In calculating the amount of alcohol consumed (in g/week), it was assumed that 4 ounces (118 mL) of wine contains 10.8 g, 12 ounces (355 mL) of beer contains 13.2 g, and 1.5 ounces (44 mL) of liquor contains 15.1 g of ethanol. Subsequently, grams of ethanol were converted to drinks per week (14 g of alcohol ¼ 1 drink)) and participants were classified into six categories: former drinkers, abstainers, drinkers of up to 7 drinks/week, ≥7 up to 14, ≥14 up to 21, and ≥21 drinks/week, as in prior publications. 6 Cumulative average alcohol intake was calculated using data acquired from questionnaire responses at Visit 1, Visit 2, Visit 3, and Visit 4. Subsequently, we estimated time-updated average consumption of alcohol for a mean time exposure of 8.9 + 0.3 years. For the purpose of the analysis using cumulative average, participants were classified as abstainers if every time recorded zero for current consumption of any alcoholic beverage in all visits. If a participant was missing alcohol consumption for a certain visit, the measurements from the available years were averaged. In addition, participants were divided into groups, according to the kind of beverage consumption. We classified exclusive consumers of wine, beer, or liquor and analysed its association with incident HF, having as reference category the abstainers in each group.
Covariates
Established definitions for hypertension, obesity, diabetes mellitus, CAD, stroke, and smoking status were used as previously described in the ARIC study. 21 An index of physical activity was derived from the physical activity questionnaire of Baecke et al., including physical activity at work and during sports. 22 Interviews included assessment of educational level and high education level was defined as college or graduate or professional school attendance. All covariates were ascertained at Visit 1.
Statistical methods
We performed analyses for men and women, for the association between alcohol consumption and HF. For the six groups [former drinkers, abstainers, drinkers of up to 7 drinks/week (,7), ≥7 to 14, ≥14 to 21, and ≥21 drinks/week], summary statistics for covariates were calculated as counts and percentages or means and standard deviation for categorical and continuous data, respectively. Comparisons of baseline characteristics between the six groups were made using Pearson x 2 test and analysis of variance. The rates of incident HF were calculated and expressed as events per 100 person-years at risk. We estimated multivariable hazard ratios for incident HF, baseline alcohol consumption and time-updated cumulative average alcohol intake classification, using time-updated Cox proportional hazards regression models adjusted for age, body mass index (BMI), total cholesterol and score of physical activity, as continuous variables, and diabetes, hypertension, CAD, education level and smoking status, as categories, with incident myocardial infarction as a time-varying covariate, comparing each level of drinking with abstainers. Tests for violation of the proportional hazards assumption were conducted through the introduction of linear interaction between the time variable and the exposure of interest (categories of alcohol consumption).
In addition to the test for linear trend from the categorical analysis, we also tested for a curvilinear association between the continuous measure of alcohol consumption (grams per week) at baseline and incident HF, via an adjusted Cox model using a restricted cubic spline. For the purpose of the spline analysis, former drinkers were excluded, with abstainers (0 g/week) as the reference group. The number of knots used in the cubic spline model was chosen on the basis of maximizing goodness of fit (i.e. minimizing AIC). Tests for interaction were performed using the likelihood ratio test for the cross-product interaction term between sex, race, and the categories of drinking status.
Finally, as a sensitivity analysis, we analysed incident HF while accounting for the competing risk of non-HF mortality, using the sub-distribution hazards model proposed by Fine and Gray. 23 From this model, we estimated the 20-year risk of HF in each alcohol category, adjusting for the previously specified baseline covariates. In order to provide context for these HF estimates, we also estimated the adjusted 20-year risk of allcause mortality and estimated multivariable hazard ratios for all-cause mortality for each alcohol consumption category. Two-sided P-values of ,0.05 were considered significant. Analyses were performed using Stata version 13.1 (Stata Corp., College Station, TX, USA).
Results
Population characteristics
The average age of the study population at baseline was 54 + 6 years, 45% of participants were men, and 74% were white. Approximately 61% of participants reported no alcohol consumption, being 19% former drinkers and 42% abstainers. About 25% participants drank up to 7 drinks/week, 8% ≥7-14 drinks/week, 3% ≥14 up to 21, and 3% ≥ 21 drinks/week, respectively. Men (n, %) 1464 (22) 1708 (26) 1876 (28) 834 (13) 339 (5) 410 (6) Women (n, %) 1254 (16) 4470 (56) 1752 (22) 377 (5) 103 (1) from the heaviest alcohol consumption category had lower score in sports physical activity. Age and physical activity at work in both genders were similar across the alcohol consumption groups. Former drinkers were more likely to be smokers, to have lower education level, diabetes mellitus, hypertension, and CAD than abstainers (see Supplementary material online, Table S1 ).
Alcohol intake and risk of incident heart failure Participants were followed from 1987 to 1989 through 31 December 2011, with a mean of 24 + 1 years of follow-up. Incident HF occurred in 1271 men and 1237 women. higher drinking categories the risk of HF was not significantly different from abstainers, either in men or in women. The only violation of the proportional hazards assumption was found regarding the risk of HF among women who were former drinkers. For these women, the risk of HF relative to abstainers is estimated to be highest at the time of visit 1 (HR ¼ 1.78, 95% CI 1.27-2.49, P ¼ 0.001) and declines by 3% per year thereafter (P ¼ 0.008 for interaction between exposure and follow-up time).
The association between the continuous measure of alcohol consumption at baseline and incident HF demonstrated a J-shaped association between mild alcohol consumption and risk of HF both in men and in women. However, the curve showed more pronounced reduction of HF risk for men than for women, and only among men were mild drinkers found to have a significantly lower risk of HF compared with abstainers ( Figure 1) . Nevertheless, there was no significant interaction between sex and alcohol intake with respect to risk of HF (P-value ¼ 0.474). Similarly, when analysing differences between white and black participants, there was no significant interaction between race and incident HF (P-value ¼ 0.535).
When assessing the association between exclusive wine, beer, or liquor drinking and the risk of HF, there were no significant differences between drinkers and abstainers (see Supplementary material online, Table S2 ). Though, the number of participants exclusively drinking one type of alcohol was limited, precluding additional interpretation by type of drink.
Sensitivity analyses
There was an increased risk for all-cause mortality among men (HR Alcohol consumption and risk of HF increase in all-cause mortality among women with a cumulative average intake of ≥14 -21 drinks/week (HR 1.87, 95% CI 1.22-2.86) (see Supplementary material online, Table S3 ). However, the risk of incident HF by alcohol consumption, accounting for the competing risk of non-HF mortality, is similar to the results from the primary analysis (Table 4) . Adjusted cumulative incidence curves of incident HF and all-cause mortality for baseline alcohol consumption, by sex, are presented in the Supplementary material online, Figure S1 .
Discussion
In this prospective study of 14 629 adults aged 45-64, we observed that participants who consumed up to 7 drinks/week of alcohol had a lower risk of incident HF compared with abstainers, with a less pronounced association in women than in men. No level of alcohol intake was associated with increased risk for HF, but heavy alcohol intake, which was low in this cohort, increased the risk of all-cause mortality among men and women. Participants classified as former drinkers at baseline had higher risk of incident HF and all-cause mortality compared with abstainers. It has been suggested that moderate alcohol consumption reduces overall mortality, 24, 25 mainly by reducing the risk reduction of cardiovascular outcomes, particularly those related to CAD. 25 -28 However, the epidemiological data on the relationship between moderate drinking and the risk of HF are limited, 3 as well as the understanding of underlying physiologic mechanisms and sex-related differences. 10 In this study, we demonstrated that alcohol consumption of up to 7 drinks/week at early-middle age was inversely associated with the risk for incident HF, independently of demographic factors, socioeconomic indicators, smoking status, BMI, serum total cholesterol plus diabetes and hypertension. Thus, alcohol-induced effects on blood pressure parameters and diabetes should not account substantially for our results. The benefits of moderate drinking on HF might be mediated by preventing CAD and myocardial infarction, Sex-related differences on the effects of moderate alcohol consumption on the risk of HF are not well established. However, women seem to be more sensitive than men to the toxic effects of alcohol on cardiac function. 15, 16, 33 In this study, we found a marginally 'protective' association between baseline low alcohol consumption and incident HF among women. Similarly, in The Framingham Heart Study, the risk of HF was significantly lower at all levels of alcohol consumption among men, compared with non-drinkers. However, in women, after adjusting for multiple confounders, the relationship was no longer significant. 2 Likewise, in The Nurses' Health Study, light-to-moderate alcohol consumption was associated with lower mortality in women, but this apparent benefit seemed largely confined to women at greater risk for CAD. 34 Interestingly, we found a protective association among women reporting a cumulative average intake of up to 7 drinks/week, which might be potentially explained by the role of a stable drinking pattern or by a different biological effect of alcohol in older middle aged women. In fact, there are a number of different mechanisms by which the effects of alcohol on the heart may differ by sex. Women have a higher proportion of body fat and absorb and metabolize alcohol differently than men, 35 attaining higher blood alcohol concentrations for a given amount of alcohol consumed. 35 In addition, women might be susceptible to alcohol-mediated ventricular dysfunction at relatively lower levels of alcohol intake; mitigating the potentially protective effects of alcohol with respect to HF. In contrast, excessive alcohol consumption is known as a known cause of cardiomyopathy. 36 In our sample, 11.3% of men consumed .14 drinks/week and 6.5% of women consumed .7 drinks/week, levels of alcohol intake, considered as heavy drinking by the National Institute of Alcohol Abuse and Alcoholism. 37 However, we observed no increased risk for incident HF compared with abstainers. It is plausible that alcohol-mediated cardiomyopathy occurs at prolonged and higher levels of alcohol intake and it may require coincident genetic predisposition. Nevertheless, it is worth noting that heaviest drinkers (men drinking ≥ 21 drinks/week; women ≥ 14 drinks/ week) had an increased risk of all-cause mortality, possibly explained by cirrhosis, cancer, and violence. 24, 38 Besides, in this population, we did not find that moderate alcohol consumption was associated with lower all-cause mortality. However, the analysis of the association of alcohol with specific causes of death was not a scope of this study. Additionally, contrasting findings on cardiovascular effects of alcohol in white and black men have been formerly reported. 14 Fuchs et al. described an increased risk of hypertension among black men consuming low to moderate amounts of alcohol, as well as a positive association between alcohol consumption and incident CAD for black men, along with an inverse association for white. 12 Nevertheless, in the same cohort, HDL cholesterol, known as a potential pathway of alcohol benefit on CAD, increased with alcohol consumption, regardless of race. 29 In this study, we did not find significant differences between white and black men and women in the risk of HF by alcohol consumption. However, once men and women were stratified by race, the number of cases was relatively small in each category of alcohol intake, limiting our ability to detect small differences by race. A number of limitations of this analysis should be noted. This is an observational study and alcohol consumption was self-reported in a questionnaire administered by an interviewer, thus participants may have underreported their consumption level. However, this is unlikely because we observed a positive association between alcohol intake and HDL levels, a biological marker of alcohol consumption, 29 supporting the rank-order validity of self-reported alcohol intake. In addition, young adults are not represented, as our population only includes participants older than 44 years old, and we were unable to assess the role of binge drinking on the risk of incident HF and allcause mortality. We excluded participants with HF at baseline, but alcoholic cardiomyopathy may occur at a relatively young age, thus heaviest drinkers may have developed HF before initiating this study. In this cohort, most participants drank more than one kind of drink, precluding additional interpretation on the association between alcohol intake and HF by type of drink. Moreover, there was a low prevalence of heavy drinking, particularly in women limiting the power to estimate the potential hazards in the heaviest drinking category. In addition, this is an observational study; thus, even with the greatest efforts of statistical adjustment to avoid confounding, potential confounding by unmeasured factors can contribute to biased estimates, and the associations observed between alcohol consumption and incident HF and all-cause mortality may not reflect cause and effect. The strengths of this study include its large size, the long time of follow-up, the ability to analyse sex-specific differences and to control for cardiovascular risk factors, demographic factors, education level, as a rough indicator of socioeconomic status, and incident myocardial infarction as time-varying covariate, determining the association between alcohol consumption and incident HF without interceding myocardial infarction. Moreover, we used baseline and alcohol consumption over time, showing the effects of alcohol intake in early-middle age and from long-term exposure. In addition, we had the capability to classify independently former drinkers and abstainers, minimizing the potential bias due to drinking cessation because of illness, and we demonstrated the risk of incident HF by alcohol consumption while accounting for the competing risk of non-HF mortality.
In summary, in this community-based sample, mild alcohol consumption was associated with lower risk of incident HF, with a similar but less definite association in women than in men. Higher amounts of alcohol intake were not associated with the risk of HF, but heavy alcohol intake increased the risk of all-cause mortality among men and women from this cohort. These findings suggest that despite the dangers of heavy drinking, mild alcohol consumption in early-middle age may be associated with lower the risk of HF.
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